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1. Introduction 
Integrated watershed management (IWM) practices are key interventions that have been 
implemented since the last decade with the aim of conserving land resources and hence to 
improve the agricultural productivity in the Tigray highlands, Northern Ethiopian. Accordingly, 
an IWM intervention was set up on Mai Zeg-zeg watershed in Dogua Tembein district of Tigray 
since 2004 with a scientific support obtained from Mekelle Univerity and K.U.Leuven, Belgium 
and with a financial support obtained from the Trocaire (Ireland) through the Adigrat Diocesan 
Catholic Secretariat Mekelle branch (ADCSM). The intervention had three major natural 
resource components to address: soil, water and vegetation. The impact of the interventions on 
the first two components has been well documented in the successive works of Nyssen et al. 
(2009) and Nyssen et al. (2010). However the vegetation component, especially the crop-
livestock interaction, an important part in the local farming system, has never been studied so 
far. This study evaluated the performance of the IWM interventions in relation to livestock 
fodder development (FD) in the Mai Zeg-zeg watershed.  
2. Materials and methods 
The watershed covers land of, and is located in between four tabias, local administration units: 
Michael-Abiy, Aynmbirkekin, Selam and Hagere Selam, and has an area of about 400 ha. The 
study was based on a survey of 120 households; focus group discussions and field 
measurements (biomass of exclosure grasses and survival count of multipurpose fodder trees - 
MPFTs).  
3. Results and discussion 
3.1 Fodder development systems in the Mai Zeg-zeg watershed 
Table 1. Fodder development systems in the Mai Zeg-zeg watershed, and level of the 
respondents‘ participation. 
Fodder development systems Part of the respondents 
Exclosures and homestead agroforestry. 42 (35.0%) 
Exclosures, cropland agroforestry and homestead agroforestry. 66 (55.0%) 
Cropland agroforestry and homestead agroforestry 3 (2.5%) 
Exclosures and cropland agroforestry  9 (7.5%) 
Fodder development was seen by the community as a component of the IWM. Three types of 
fodder development interventions (Table 1) are practiced by the local community with the 
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possibility of one farmer participating in multiple interventions. These are: (1) plantation of 
multipurpose fodder trees on cropland (also called cropland agroforestry systems), (2) plantation 
of multipurpose fodder trees on homesteads (homestead agroforestry systems) and (3) 
introducing of exclosures and plantation of multipurpose fodder trees within it (exclosure 
systems). 
3.2 Type and extent of multipurpose fodder trees planted in the Mai Zeg-zeg watershed between 
2004 and 2009 
The first two main aims for cropland agro-forestry and exclosure systems were: to reduce land 
degradation primarily and to get supplementary/livestock fodder secondarily (Table 2). 
Table 2. Purpose of implementing cropland agroforestry, homestead agroforestry and exclosure 
system; respondents‘ reflection. 
Purposes 
Cropland 
Agroforestry 
Homestead 
Agroforestry 
Exclosure  
 n   n   n  
Get livestock fodder  94   95   120  
Improve soil fertility  88   90   0  
Reduce land degradation  107   47   120  
Get fuel wood & wooden materials  22   53   60  
Get cash- or food-for-work  22   0   24  
Improve spring discharge  0   0   36  
 
Soil and Water conservation (SWC) practices including plantation of three types of 
multipurpose fodder trees (MPFT‘s) (i.e., Sesbania sesban, Chaemacytisus palmensis and 
Leucaena leucocephala) were implemented in the three systems. In total, 264573, 32426 and 
82000 MPFTs were planted in the catchment in croplands, homesteads and exclosures 
respectively by the collaboration of ADCSM and Degua Tembein Woreda Agriculture and 
Rural Development (WoARD) office with the tabias‘ community.  
3.3 Management methods employed under the different forage development systems in the Mai 
Zeg-zeg watershed 
Table 3. Management systems of the three fodder development interventions, respondents‘ 
reflection. 
Management Method 
Cropland 
agroforestry 
Homestead 
agroforestry 
Exclosure 
systems 
Bylaw base 108 (97% )   120 (100%) 
Individual base   95 (100%)   
Bylaw and individual base 3 (3%)         
 
The study found that the management method of exclosures is through enforcement of local 
bylaws, the homestead agroforestry system is based on and individual-based management, 
whereas the cropland agroforestrey system employs essentially the bylaw system (Table 3). 
Most of the communities prefer exclosures to be managed by ADCSM and WoARD office 
(Table 4) as they may seek for employment opportunities. However this approach seems not 
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sustainable.  The bylaw of cropland agroforestry focuses only on protecting the area from free 
grazing. The focus group discussion described that the Tabia leaders and local courts give more 
focus to the accomplishment of the exclosure bylaws. As a result the cropland agroforstery 
bylaw system is rarely implemented properly. 
Table 4. Ranking of the current responsible bodies for protection of the exclosures, 
respondents‘ reflection. 
Responsible bodies n   
By community(by contributing guards fee) 72   
By village leaders (through payment from other sources) 120   
By WoARD/ADCSM-Mai Zeg-zeg project 120   
 
3.4 Survival counts of the multi-purpose fodder trees planted in the Mai Zeg-zeg 
watershed 
The survival count (Fig. 1) of five consecutive years (2005-2009) shows that the performance of 
the three FD systems is different. The average survival of the MPFTs in the first and second 
inventory, five and ten months after plantation, of the first year is 68% for exclosure followed 
by 54% for homestead agroforestry and 46% for cropland agroforestry systems. Survival in all 
systems continued to decline severely in the second year with a decrease by 97%, 71% and 40% 
in cropland agroforestry, homestead agroforestry and exclosure systems respectively. High 
mortality of the seedlings is found in the first two years for all systems in general and 
particularly very severe in the cropland agroforestry system. The survival in each system after 
the third year tends to be constant; the average survival count of the three years (2007-2009) is 
18% in exclosures, 5% in homestead agroforestry and almost none (1%) in cropland 
agroforestry.  
 
Fig 1. Survival records of MPFT‘s for five consecutive years in the three systems of fodder 
development: Homestead agroforestry, Exclosure and Cropland agroforestry. For trees planted 
in 2005. 
3.5 The contribution of the fodder development interventions in improving the feed 
availability in the Mai Zeg-zeg watershed 
None of the community members used MPFT‘s from cropland agroforestry or exclosures as 
source of supplementary feed for their livestock. Nevertheless, a few farmers used from 
homestead agro-forestry. In October 2009, the mean annual above ground dry biomass yield of 
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grass recorded from two exclosures (Hichi and Harena) was 1550 kg/ha and 1390 kg/ha. It 
contributed about 20 % of the livestock feed source in the watershed (Table 5). It is the third 
source next to the major source i.e. crop residues (50%) and grazing (including aftermath 
grazing; 29%). Homestead agroforestry had limited contribution (1%) to the feed availability 
while the cropland agroforestry system did not contribute. Similar studies in other similar aged 
exclosures of the district showed the mean annual yield of the grass is 1110 kg/ha (Cleemput et 
al.). 
Table 5. Ranking of feed availability in Mai Zeg-zeg watershed, respondents‘ reflection  
Feed Sources 
Feed availability 
n    
Crop residue 120    
From grazing areas(including aftermath) 118    
Exclosures (hay) 116    
Homestead Agroforestry/MPFT‘s 6    
Cropland Agroforestry/MPFT‘s 0    
Multipurpose fodder trees from exclosure 0    
3.6 Factors influencing the sustainability of the forage development interventions 
The agro forestry interventions did not meet the intended purpose to be used as a supplementary 
feed for reasons associated with both pre and post implementation of MPFTs (Tables 6 and 7). 
The occurrence of long dry seasons was the key common factor that influenced the performance 
of MPFTs in the three systems. Furthermore, poor plantation techniques and poor pit preparation 
techniques had also significant negative influence on the performance in all three systems. 
Analysis of the factors per forage development system shows that in cropland agroforestry, the 
farmers invoke the absence of detailed technical training,  absence of watering of the planted 
MPFTs, free grazing and pulling up of the planted seedlings were found to have significant 
negative influence. Similarly in homestead agroforestry, absence of detail technical training, 
poor supervision by experts had negative significant influence on the other hand, on-time 
watering, protection (fencing) of MPFTs, interest to use MPFT as feed and better transportation 
of seedlings were found to have  a positive influence. In exclosure systems, plantation by the 
community in a campaign, weak bylaws and damage caused by rodents were found the main 
factors that influenced the performance negatively. In general, the local watershed management 
committee had not enough power to implement the livestock fodder development successfully.  
Table 8. Factors pre & during plantation that led to failure of the multipurpose fodder trees in 
the three systems. 
Pre & during plantation factors Cropland 
Agroforestry 
Homestead 
agroforestry 
MPFTs in 
exclosure 
n  n  n  
Premature seedlings 40  40  40  
Transportation problems  112  24  106  
Lack of practicing hardship 
tolerance for the seedlings 
30  58  20  
Poor  preparation of pits  41  73  41  
Poor plantation techniques 110  35  134  
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Table 9. Factors that led to failure of the multipurpose fodder trees in the three systems after 
plantation 
Post plantation factors Cropland 
agroforestry 
Homestead 
agroforestry 
MPFTs in 
exclosure 
n   n   n  
Destruction of seedlings during plowing 111   0   0  
Free grazing 110   43   0  
Long dry season 111   66   111  
Rodents effect 0   0   94  
Fencing problem 0   50   0  
No pruning on time 0    71   0  
 
4. Conclusions 
The study found that the three forage development systems (cropland, homestead and exclosure 
agroforestery) that have been introduced in the Mai Zeg-zeg watershed, had significant 
difference with regard to their performance. Grasses from exclosures performed well and play a 
great role in improving the feed availability of the watershed. However, the agroforestry 
interventions did not meet the intended purpose (i.e. use as supplementary feed) for reasons 
associated with both pre and  post implementation of MPFTs. The long dry season in the area is 
the most important external factor influencing the FD performance negatively. The main reasons 
is related to lack of detail knowledge and appropriate management practices for the MPFTs. 
Hence implementation of coping mechanisms such as selection of best forage species adaptable 
to the local climate, adjustment of planting time and improvement of the soil water availability 
measures accompanied with effective and sustainable fodder development management systems 
appropriate for each intervention are needed.  
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